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PHYSICAL LIMITATIONS TO DIRECTIONAL ANTENNA 
SYSTEMS IN THE STANDARD BROADCAST BAND 


: In adjusting and maintaining directional antenna systéms there 
are bound to be some variations about the theoretical pattern, causéd by 


. Changes in the adjustment, aging of the equipment, variation in ground 


losses, ete. It is proposed to study these variations on a statistical 
basis. . Е 5 


let the theoretical pattern of the directional antenna system be 
given by : ` } 


РИС 


where 
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е А; k 
In the above €, is the theoretical vector field from element 1 and has 
the magnitude А; and phase Bi.: To each vector e may be added & small 
"error" vector Af to account for the variations from this theoretical 
field intensity, Thus, the true field from element i is given by 


90. E&E tag 


& being the magnitude end. de the phase of the "error" wonton 4t 


The гези1%ал$. field intensity from the array becomes 


0 ^ E=SLOPE +> Ay 
А L ГА 


where 


© A= ве“ ZAS €, eff 
UG LA с. 


The relationship between Е: , Е: and A с is illustrated in Figure 1, 


Figure 2 


7777 777 Таў us assume that A is а Rayleigh vector - iw that the 
probability of the magnitude of А, being between С; and Ci +ае; · 
is given by | & 


_ 
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and all ‘values of the phase & have an equal probability of occurring. 
The Pob. з. value Pod сат deviation of с; is obtained from 


E» 
€ Coles е & де: = " 


uu они Баг indicating the everaging process. The assumption of a 
Rayleigh distribution is equivalent to saying that the orthogonal ха 


‘and уч compohents of Aj, (see Figure 1) are each independently and nornally 


x distributed with mean zero, and the same standard deviation Co! Nz 


Thet the sum of any number of Rayleigh vectors is also a 
Reyleigh vector may easily be proven by considering the summation in 
terms of the two orthogonal components x and y. Since the sum of any 
numbers of normal variablea is another normal variable with mean equal 


to the sum of the individual means and variance ~ 1.6. standard deviation 


squared ~ equal to the sum of the individual variances, the resultant : 
x and y components for the vector sum of а number of Rayleigh vectors 
Eust each be normal with means zero and variances equal to the sum of 


- the individual component variances === 
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Thus the vertos sum of any 
number of Rayleigh vectors must аА, а Rayleigh vector with an 
топове magnitude cbtained from Я 


(9); € em (rese -z6i-6 ter ve 


5, : Vendiverel/ has derived the distribution for the magnitude Е 
of the sum of the constant vector Е! pis. „а Rayleigh vectorlA as 
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where т 0 (2 Аз the modified Bessel function of zero depu. By en | 
арргорг1а%е change Е variable (10) E be put Bi Vi convenient form 


(200) ста, име в TE) 


Unfortunately, this integral can ‘only be solved by either Карева 


means or by use of а slowly convergent series. A family of curves2/ 
for (108) are plotted in Figure 2. 


' The 2n of iu distribution (10) are given by the series 
Е = zy А: DAL oO d = gu 
glib 


By operating on the orthogonal ‘components the average value of E? is 
found more readily. Thus, if we assume, without loss of generality, 
that the constant vector А dies along the X рид then 


оз E= (Ах, у = А +X ES. 
| = A +E; -А+# = бо 


Fer the special case of e А 


99 E=0.637A 
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As a special сазе}! + probably the most Important one, let. ùs 


“assume ‘that the r.m.s. error magnitudes аге a constant pergontage: of. the 


individual theoretical fields - ies, 
Cuz — à Ai е 


во that _ Да | | 
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where Дева ie the m sS. 8. (root sum squared) field, We. thus 


arrive at the very important conclusion that the magnitude of the re- 
sultant error vector is proportional to the theoretical R.S.S. field and 
not the R.M.S. (root mean squared) or the resultant field in the pertinent 
direction, This error vector should be substantially the same in all 
azimuthal directions, and should be combined with the theoretical field 
in every direction to give the expected field, 


It should be pointed out that for the more unstable arrays the 
R.S.S. field of the antenna system may be three or more times as large аз 
the R.M.S. field so thet the use of the R.S.S, field as а base for, limite. 
ing the nulls in dirsctional arrays offers more protection factor than 


` the use of the RMS. field as a base, . EE 


It is also interesting to note that in critical null directions 
the error Pield may be larger than the theoretical field зо that these " 


. random variations will greatiy affect the ability of the Р.А, system to 


achieve very sharp nulls with stability. A good antenna system design. 
will ке? a low ratio of R.S.S, to R.M.S. to yield stable #0713. B 


The relative effect of veriations in amplitude versus variations 
in phase may be compared. -Thus, 


cur bas CE 


describes the effect of a change in amplitude апа. 
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gives the effect on the error vector of а change in phase (see Fig. 3) 


Por an equivalent effect on the resultant field magnitude a phase tolerance 
of | | р THES 


am | Ü jegrees = Ip, 


is required. ‘For a permissible change equivalent to a 5% change in ampli- 
tude C 


; EIL 2 
eG) а= е (05) = 2.%6 degrees 


The assuaption of a Rayleigh distribution for the error vector 
yields results which are in good agreement with field intensity measure~ 
ments made by Robert M, заа боаз? y Who made inverse distance field intensity 
measurements over a period of four months. This data is plotted in Figure 4, 
The solid curves aré distributions of the type described by (10) with the 


. indicated constants, Some work was done along these lines on antennas for 


broadside arrays in the microwave region by Ruzed/ о For this case the 
theoretical field.A was negligible in comparison with the error fields but 
the assumpticn of а Rayleigh distribution for these error vectors was made 


“and checked quite well with measurements, Оп the basis of these two inde~ 


pendent sets of measurements the assumption of a Rayleigh distribution for 
these error vectors appears to be a good one, р 


The results of this study may be summarized as follows: 


i. The random variations of the field intensity radiated from 
a directional antenna system may be described statistically by (10) 
as the sua of the constant theoretical field plus a randomly varying 
. Rayleigh error field, 


2. This error field is proportional to the theoretical R.S.S. 
field of the array. : 


It is expected that the theory developed in this report will 
hold for directional anterma arrays in all bands bit for the moment our 
primary interest is in the standard broadeast band, 


= on Р -6- 
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PLUS A RANDOMLY VARYING RAYLEIGH VECTOR A 
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